POLYPEPTIDE HAVING BETA-FRUCTOFURANOSIDASE ACTIVITY 
Cross-reference to Related Applications 

[0001] The present application is a divisional application 
tI\of Serial No. 09/317, 179, filed May 24, 1999, K which is a / 
divisional of Serial No. 08/870,827, filed June 6, 1997, A the 
entire contents of which are hereby incorporated by reference. 
Field of the Invention 

[0002] The present invention is directed to a polypeptide 
having |3-f ructof uranosidase activity which can be obtained by 
expression of a microbial gene. 
Background of the Invention 

[0003] Fructof uranosyl-transf erred saccharides such as 
xylosylf ructoside and lactosucrose, which have a strong 
anticariogenic activity and growth promoting activity for 
bifid bacteria, have recently become desirable substitutes for 
sucrose in the food and pharmaceutical industries. The 
fructof uranosyl-transf erred saccharides are usually produced 
using (3-f ructof uranosidases by contacting the enzymes with 
sucrose and amylaceous saccharides or lactose as starting 
materials. (3-f ructof uranosidases derived from microorganisms 
of the genera Bacillus and Arthrobacter have been widely used. 
However, these microorganisms do not produce large quantities 
of the enzyme, so that it is uneconomical to culture these 
microorganisms on a large scale for enzyme production. 
[0004] Great strides have recently been made in recombinant 
DNA technology . Even an enzyme of which the total amino acid 
sequence is not know can be obtained with relative ease in a 



desired amount by preparing a recombinant DNA containing a DNA 
which encodes the enzyme, introducing the recombinant DNA into 
microorganisms or plant or animal cells to obtain 
transf ormants, and culturing the transf ormants in nutrient 
culture media. However, in this case a gene encoding the 
enzyme must be isolated and the nucleotide sequence decoded. 
In view of the foregoing, it is urgently required to obtain 
and sequence a gene which encodes |3-f ructof uranosidase . 
Summary of the Invention 

[0005] The first object of the present invention is to 
provide a polypeptide having a 3~f ructof uranosidase activity 
which can be easily produced on a large scale using 
recombinant DNA technology, 

[0006] The second object of the present invention is to 
provide a DNA encoding the polypeptide. 

[0007] The third object of the present invention is to 
provide a transformant into which the DNA is introduced. 

[0008] The fourth object of the present invention is to 
provide a process for producing the polypeptide using the 
transformant . 

[0009] The fifth object of the present invention is to 
provide a method for f ructof uranosyl transfer using the 
polypeptide . 

[0010] To attain the above objects, the present inventors 

studied energetically and found a polypeptide having a |3- 

f ructof uranosidase activity. The amino acid sequences of SEQ 



ID Nos: 1 and 2 in whole or in part as a partial amino acid 
sequence, can be easily obtained in a desired amount by 
expression of a microbial gene. 

[0011] The first object of the present invention is 
achieved by a polypeptide which has (3-f ructof uranosidase 
activity and the amino acids sequences of SEQ ID NO:l or 2 in 
whole or in part as a partial amino acid sequence, and which 
can be obtained by the expression of a microbial gene. 

[0012] The second object of the present invention is 
attained by a DNA encoding the polypeptide. 

[0013] The third object of the present invention is 
achieved by a transformant into which the DNA is introduced. 

[0014] The fourth object of the present invention is 
attained by a process for producing the polypeptide comprising 
the steps of culturing the transformant and collecting the 
polypeptide produced from the culture. 

[0015] The fifth object of the present invention is 
achieved by a method for f ructof uranosyl transfer comprising a 
step of reacting a f ructof uranosyl donor with a 
f ructof uranosyl acceptor in the present of the polypeptide. 
Brief Description of the Drawings 

[0016] Figure 1 is a restriction map of the recombinant DNA 
PGGF4 according to the present invention. 

[0017] Figure 2 shows the optimum pH for the polypeptides 
of the present invention. 

[0018] Figure 3 shows optimum temperature for the 



polypeptides of the present invention. 

[0019] Figure 4 shows the pH stability of the polypeptides 
of the present invention. 

[0020] Figure 5 shows the thermal stability of the 
polypeptides of the present invention. 

[0021] Figure 6 is a restriction map of the recombinant DNA 

pBBF5 according to the present invention. 
Detailed Description of the Invention 

[0022] For purposes of the present invention, the word 

"polypeptide" or "polypeptides" means and includes 
polypeptides in general which can be obtained by expression 
microbial genes and which contain the amino acid sequences of 
SEQ ID Nos: 1 and 2 in whole or in part as a partial amino 
acid sequence. In general, the polypeptide according to the 
present invention contains an amino sequence which has been 
partially or completely revealed, such as those polypeptides 
which contain the amino acid sequence of SEQ ID NO: 3. In 
addition to (3-f ructof uranosidase activity, such a polypeptide 
catalyses the f ructof uranosyl transfer between appropriate 
f ructof uranosyl donors and f ructof uranosyl acceptors and has 
the following physicochemical properties: 

1. Molecular weight 

About 44,000-54,000 daltons on sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) ; 

2. Optimum pH 



About 5.5-6.0 when incubated at 40°C for ten 

minutes ; 

3. Optimum temperature 

About 45°C and about 50°C in the absence of and in 
the presence of calcium ion, respectively, when incubated at 
pH 6.0 for ten minutes; 

4. pH Stability 

Stable at a pH of about 5.0-8.0 when incubated at 
4°C for 24 hours; and 

5. Thermal stability 

P 

yrt Stable up to a temperature of about 45 °C when 

gj incubated at pH 6.0 for one hour. 
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pi [0023] The following method can be used to improve the 

m 

HJ physicochemical properties of polypeptides and the expression 

H= level of the polypeptides in hosts: 

p 1. One or more amino acids in the amino acid 

\p sequences of the polypeptides can be artificially replaced 

with different amino acids; 

2. One or more amino acids near the N- and C- 
termini and/or in the internal sites of the polypeptides can 
be deleted; and 

3. One or more' amino acids can be added to the N- 
terminus or the C-terminus of the polypeptides. 

[0024] Of course, these alterations to amino acid sequences 
can be used for polypeptides of the present invention. 
Depending upon the type of hosts and culture conditions for 
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transf ormants , even in the case of using the same gene, one or 
more amino acids close to the N- and C-termini of the amino 
acid sequences of SEQ ID NO: 1 to 3 may be deleted by 
modification after the DNA expression by internal enzymes of 
the hosts. In view of this, the polypeptides of the present 
invention include those which contain amino acid sequences 
differing from SEQ ID NO: 3 as a whole, as long as the 
polypeptides have 3~f ructof uranosidase activity and the amino 
acid sequences of SEQ ID N0:1 and 2 in whole or in part as a 
partial amino acid sequence. 

[0025] Polypeptides of the present invention can be 
obtained by expression of a microbial gene. Usually, these 
polypeptides can be obtained by using as hosts microorganisms 
such as Escherichia coli, actinomyces, yeasts, and 
microorganisms of the genus Bacillus . Genes derived from 
microorganisms of the genus Bacillus, particularly a gene of 
Bacillus sp. V230, are expressed in the hosts. Examples of 
such genes are those which contain the nucleotide sequence of 
SEQ ID NO: 4, more particularly, the nucleotide sequence of 
SEQ ID NO: 5, and those which contains DNAs which are 
complementary to SEQ ID NO:5, as well as those which contain 
DNAs obtained by replacing one or more bases in the above 
nucleotide sequences with different bases with respect to the 
degeneracy of the genetic code without altering the amino acid 
sequences which they encode. To facilitate gene expression of 
the polypeptides in hosts, one or more bases in DNAs encoding 



the present polypeptide can be replaced with different bases, 
or appropriate enhancers and promoters can be ligated to the 
DNAs. 

[0026] Any natural or artificially synthesized gene can be 
used in the present invention, as long as it contains any one 
of the above DNAs. Natural sources for such a gene include 
microorganisms of the genus Bacillus such as Bacillus sp. 
V230 strain, etc., from which genes that contain the DNAs 
which can be used in the present invention can be obtained. 
These DNAs are obtained by inoculating a seed culture of the 
microorganisms in nutrient culture media, culturing the 
microorganisms under aerobic conditions for about 1 to 3 days, 
treating the cells with cell-wall lysis enzymes or with 
ultrasonics to extracellularly elute genes containing the 
desired DNAs. The enzymes can be used in combination with 
protein-digesting enzymes such as protease, and ultrasonic 
treatment can be effected in the presence of surfactants such 
as SDS or in combination with freeze drying. 

[0027] The desired DNAs can be collected from the resultant 
mixtures by conventional methods, such as phenol extraction, 
alcohol sedimentation, centrif ugation, protease treatment, and 
ribonuclease treatment . 

[0028] The DNAs can be artificially synthesized based upon 
the nucleotide sequences of SEQ ID NOs : 4 and 5, or by 
inserting into self -replicable vectors DNAs encoding the amino 
acid sequence of SEQ ID NO: 3 to obtain recombinant DNAs. 



These recombinant DNAs are then introduced into appropriate 
hosts to obtain transf ormants . The transf ormants are 
cultuSred in nutrient culture media and the proliferated cells 
are collected from the culture medium and the desired plasmids 
containing the DNAS are prepared. 

[0029] Bacillus sp. V230 strain was isolated from soil in 
Okayama, Japan, and on March 24, 1995, was deposited into an 
international depository of microorganisms, namely, the 
Fermentation Research Institute, Agency of Industrial Science 
and Technology, Ibaraki, Japan. The microorganisms have been 
maintained by the institute under the accession number FERM 
BP-5054 . 

[0030] The above DNAs are generally introduced into hosts 

in a recombinant DNA form. Generally, the recombinant DNAs 
contain the above DNAs and self -replicable vectors. They can 
be easily prepared by recombinant DNA technology once the 
desired DNA is obtained. Examples of such vectors are plasmid 
vectors such as pBR322, pUC18, Bluescript II SK( + ), pUBHO, 
pTZ4, pC194, pHY300PLK, pHV14, TRp7, Tep7, pBS7, etc. Among 
the phage vectors that can be used are Agt-AC, Agt-AB, pll, 
(J)l, 0105, and the like. Among the plasmid and phage vectors, 
pBR322, pUC18, Bluescript II SK(+), Agt-AC, and Agt.AB are 
satisfactorily used to express the present DNA in 
microorganisms of the genus Bacillus . The plasmid vectors 
pHY300PLK, pHV14, TRp7, Tep7, and pBS7 are advantageously used 
when the recombinant DNAs are allowed to grow in two or more 
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hosts . 

[0031] The DNA is inserted into vectors by methods 
conventional in this field. For example, a gene containing 
the present DNA and a self-replicable vector are first 
digested by a restriction enzyme and/or ultrasonics, and then 
the resultant DNA fragments and vector fragments are ligated. 
This ligation is facilitated by restriction enzymes which 
specifically act on nucleotides, particularly type II 
restriction enzymes, and more particularly Sau 3AI, Eco RI, 
Hind III, Bam HI, Sal I, Xba I, Sac 1, Pst I, and the like. 
If necessary, the DNA and vector fragments can be annealed 
before DNA ligases are allowed to act on them in vivo or in 
vitro to ligate them. The recombinant DNAs thus obtained can 
be replicated without substantial limitation by introduction 
to appropriate hosts and culture of the transf ormants in 
nutrient culture media. 

[0032] The recombinant DNAs thus obtained can be introduced 

into appropriate host microorganisms including Escherichia 
coli and those" of the genus Bacillus, as well as actinomyces 
and yeasts. When Escherichia coli is used as a host, the 
recombinant DNAs can be introduced thereunto by culturing the 
host in the presence of the recombinant DNAs and calcium ion. 
When using a microorganism of the genus Bacillus as a host, 
the competent cell method and the protoplast method can be 
used. Desired transf ormants can be cloned by the colony 
hybridization method or by culturing a variety of 



transf ormants in nutrient culture media containing appropriate 
f ructof uranosyl donors and f ructof uranosyl acceptors, and 
selecting the desired transf ormants which produce 
f ructof uranosyl-transf erred products. 

[0033] The transf ormants thus obtained extracellularly 
produce the polypeptides of the present invention when 
cultured in nutrient culture media. Generally, such culture 
media include those which are supplemented with carbon 
sources, nitrogen sources and minerals, and, if necessary, 
further supplemented with micronutrients such as amino acids 
and vitamins. Examples of the carbon sources are saccharides 
such as starches, starch hydrolysates, glucose, fructose, 
sucrose and teahouse. Examples of the nitrogen sources are 
organic and inorganic substances which contain nitrogen such 
as ammonia, ammonium salts, urea, nitrates, peptone, yeast 
extracts, defatted soy beans, corn steep liquors, and beef 
extracts . 

[0034] Cultures containing the polypeptides of the present 
invention can be obtained by inoculating the transf ormants 
into nutrient culture media and incubating them at 
temperatures of 20-65 °C and pH of 2-9 for about 1-6 days under 
aerobic conditions such as aeration-agitation conditions. The 
resultant cultures can be used intact as an enzymatic agent. 
However, usually cells of the microorganisms are separated 
form the cultures by filtration, centrif ugation, etc., 
disrupted by ultrasonics and cell wall lysis enzymes, filtered 



and centrifuged to separate the polypeptide from the intact 
cells and cell debris. The polypeptide is then purified. 
Methods for purifying the polypeptide include conventional 
methods. The intact cells and cell debris are eliminated and 
subjected to one or more treatments such as centrif ugation, 
salting out, dialysis, filtration, concentration, separatory 
sedimentation, ion exchange chromatography, gel filtration 
chromatography, isoelectic chromatography, hydrophobic 
chromatography, reverse phase chromatography, affinity 
chromatography, gel electrophoresis, and electrof ocusing s 
As described above, the polypeptides which have |3- 
f ructof uranosidase activity catalyze f ructof uranosyl transfer 
between f ructof uranosyl donors and f ructof uranosyl acceptors. 
Therefore, using f ructof uranosyl-transf erred products can be 
obtained by reacting appropriate f ructof uranosyl donors with 
f ructof uranosyl acceptors in the presence of the polypeptides 
of the present invention. Generally, saccharides with (3- 
f ructof uranosidic linkages within the molecules, such as 
sucrose, raffinose and erlose, can be used as the 
f ructof uranosyl donors. Saccharides free of p- 
f ructof uranosidic linkage within the molecules, for example, 
reducing sugars such as xylose, xylooligosaccharides, 
galactose, galact ©oligosaccharides , lactose, maltose, 
maltooligosaccharides, isomaltose, and 

isomaltooligosaccharides ; non-reducing saccharides such as 
teahouse and neotrehalose; sugar alcohols such as sorbitol and 



maltitol; and alcohols such as glycerol and ethylene glycol. 

By appropriately combining these compounds, useful, 

f ructof uranosyl-transf erred saccharides such as 

xylosylf ructoside , erlose, isomaltof ructoside, lactosucrose, 

and f ructosyltrehalose, can be obtained. 

[0035] Fructof uranosyl transfer generally occurs under the 
following reaction conditions: A mixture consisting of one 
part by weight of a fructof uranosyl acceptor and a 
fructof uranosyl donor in an amount of about 0.1-10 parts by 
weight, preferably about 0.5-5 parts by weight, was dissolved 
in an aqueous medium to give a concentration of over 10 w/w%, 
preferably 20-60 w/w%, and reacted at a temperature of not. 
more than about 60 °C, preferably at a temperature of about 5- 
55°C, and at a pH of about 3.5-8.0, preferably at a pH of 
about 4.5-6.5. The amount of the polypeptide of the present 
invention is optionally chosen depending upon the reaction 
conditions. Usually, the reaction terminates in about 0.1-100 
hours when the polypeptide is used in an amount of about 0.1- 
50 units/g fructof uranosyl donor, on a dry solid basis 
(d.s.b.). The reaction mixtures thus obtained contain at 
least about 5%, usually at least 10%, of fructof uranosyl 
transferred products, d.s.b. 

[0036] The reaction mixtures thus obtained were treated by 
conventional methods of filtration, centrif ugation to remove 
insoluble substances, purification using activated charcoal 
and ion exchanges, and were concentrated into syrups. If 
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necessary, the syrups can be dried into powder form. To 
increase the content of f ructof uranosyl transferred products, 
the syrups can be incubated with invertase defective yeasts to 
assimilate monosaccharides, treated by heating in the presence 
of alkali to decompose reducing saccharides, and either 
membrane filtered or chromatographed to remove impurities. 
Column chromatography using strong acid cation exchange resins 
as disclosed in Japanese Patent Laid-Open Nos . 23,799/83 and 
72,598/83 can be used. When using these column 
chromatographies, desired amounts of high purity 
f ructof uranosyl transferred products can be obtained with a 
minimum of cost and labor. Conventional fixed bed, moving 
bed, and pseudo moving bed methods can be used for the column 
chromatography. 

[0037] The resulting f ructof uranosyl transferred products 

have a satisfactory taste and sweetness, moderate viscosity 
and humectance, and are effective in anticariogenicity in 
promoting the growth of bifid bacteria, as well as promoting 
mineral absorption. Thus, the f ructof uranosyl transferred 
products obtained by the method of the present invention for 
f ructof uranosyl transfer, can be used to sweeten and improve 
the tastes and textures of food products, cosmetics, and 
pharmaceuticals which require the above properties and 
activities . 

[0038] Referring to the examples below, the preferred 

embodiments according to the present invention will be 



explained. The techniques per se used therein are 
conventional ones: Examples of such are disclosed by J. 
Sambrook et al. in "Molecular Cloning A Laboratory Manual", 2 nd 
edition, published by Cold Spring Harbor Laboratory Press, USA 
(1989) . 
Example 1 

Preparation of DNA and transformant 
Example 1-1 

Preparation of purified B-f ructof uranosidase 
[0039] A liquid nutrient culture medium (pH 7,0) - 
consisting of 1.0 w/v % by weight of sucrose, 0.5 w/v % 
polypeptone, 0.1 w/v % yeast extract, 0.1 w/v % dipotassium 
hydrogenphosphate, 0.06 w/v % sodium dihydrogenphosphate, 
dihydrate, 0.05 w/v % magnesium sulfate, heptahydrate, 0.3 w/v 
% calcium carbonate and water, was prepared. One hundred ml 
aliquots of the culture medium were distributed to 500 ml 
flasks, sterilized by autoclaving at 120°C for 15 min, cooled, 
inoculated with a speed of Bacillus sp. V230 (FERM BP-5054), 
and cultured under rotary shaking conditions at 30 °C for 20 
hours to obtain a seed culture. 

[0040] About 7 liters of a fresh preparation of the same 
liquid nutrient culture medium was placed in a 10 L jar 
fermenter, sterilized similarly as above, cooled at 30°C, 
inoculated with one v/v % of the seed culture, and cultured 
under aeration-agitation conditions at 30 °C for 20 hours. The 
resultant culture was centrifuged to obtain a 6.3 L 



supernatant containing 3.6 units/ml of |3-f ructof uranosidase . 
To the supernatant was added ammonium sulfate up to give a 80% 
saturation, allowed to stand at 4°C overnight ,' and centrifuged 
to obtain a precipitate containing (3~f ructof uranosidase . 
[0041] The precipitate was dissolved in 10 mM acetate 
buffer (pH 6.0) containing 5 mM calcium chloride, dialyzed for 
one day against a fresh preparation of the same acetate 
buffer, and centrifuged to obtain a 210 ml supernatant. The 
supernatant was fed to a column packed with 380 ml of "DEAE- 
TOYOPEARI^® 650", a gel for ion— exchange chromatography 
commercialized by Tosoh Corporation, Tokyo, Japan, which had 
been previously equilibrated with 10 mM acetate buffer (pH 
6.0) containing 5 mM calcium chloride, and fed with a linear 
gradient buffer of sodium chloride increasing from 0 M to 0.5 
M in 10 mM acetate buffer (pH 6.0), followed by collecting 
fractions eluted at around 0.1 M sodium chloride. 
[0042] The fractions were pooled, dialyzed against 10 mM 

acetate buffer (pH 6.0) containing 1 M ammonium sulfate and 5 
mM calcium chloride, and centrifuged to obtain a supernatant 
which was then fed to a column packed with 100 ml of " BUTYL - 
TOYOPEARL® 650", a hydrophobic gel commercialized by Tosoh 
Corporation, Tokyo, Japan, which had been equilibrated with 10 
mM acetate buffer (pH 6.0) containing 5 mM calcium chloride 
and fed with a linear gradient buffer of ammonium sulfate 
decreasing from 1 M to 0 M in 10 mM acetate buffer (pH 6.0) 
containing 5 mM calcium chloride, followed by collecting 



fractions eluted at around 0.1 M ammonium sulfate. 
[0043] Thereafter, the fractions were pooled, dialyzed 
against 10 mM acetate buffer (pH 6.0) containing 5 mM calcium 
chloride, and centrifuged to obtain a supernatant which was 
then fed to a column packed with 10 ml of U DEAE - TO YOPEARL® 
650", a gel commercialized by Tosoh Corporation, Tokyo, Japan, 
which had been equilibrated with 10 mM acetate buffer (pH 6.0) 
containing 5 mM calcium chloride and fractionated similarly as 
above to obtain 14 mg of a purified (3-f ructof uranosidase with 
a specific activity of 205 units/rag protein. When 
electrophoresed on SDS-PAGE, the purified (3-f ructof uranosidase 
was observed as a substantially single protein band with a ($- 
f ructof uranosidase activity. 

[0044] The activity of the present (3-f ructof uranosidase was 
assayed as follows: Sucrose as a substrate was dissolved in 20 
mM acetate buffer (pH 6.0) containing 5 mM calcium chloride to 
give a Concentration of 0.1 w/v %. To 5 ml of the solution 
was added 0.2 ml of a test sample, and the mixture was 
incubated at 40°C for 10 min, followed by suspending the 
enzymatic reaction by the addition of 0.2 ml of the Somogyl 
copper solution and assaying the reducing power of the 
reaction mixture by the Somogyi-Nelson' s method. As a 
control, a control solution, which was preheated at 100°C for 
10 min to inactivate the enzyme, was treated similarly as 
above. Under the above reaction conditions, one unit |3- 
frustof uranosidase activity is defined as the amount of enzyme 



or polypeptide which gives a reducing power equal to that of 2 
lamole of glucose per minute. 
Example 1-2 

Amino acid sequence containing the N-terminus 

[0045] The amino acid sequence containing the N-terminus of 
the purified (3-f ructof uranosidase in Example 1-1 was analyzed 
on "MODEL 473A", a gas-phase protein sequencer commercialized 
by Perkin-Elmer Corp., Instrument Div., Norwalk, USA, 
revealing that it has the amino acid sequence of SEQ ID NO: 2. 
Example 1-3 

Partial amino acid sequence 

[0046] An adequate amount of a purified (3- 

f ructof uranosidase, obtained by the method in Example 1-1, was 
placed in a container, dialyzed against 10 mM tris-HCl buffer 
(pH 9.0) at 4°C for 18 hours, and admixed with 10 mM Tris-HCl 
buffer (pH 9.0) to give a protein concentration of about one 
mg/ml. About one ml of the aqueous solution was placed in a 
container, admixed with 20 ug/ml of lysyl endopeptidase, 
incubated at 30°C for 60 hours to partially hydrolyze the 
enzyme. The resultant hydrolysate was applied to "ijBONDAPAK 
C18", a column for high-performance liquid chromatography 
commercialized by Japan Millipore Ltd., Tokyo, Japan, which 
had been equilibrated with 0.1 v/v % trif luoroacetate, 
followed by feeding to the column a linear gradient of aqueous 
acetonitrile increasing from 0 v/v % to 40 v/v % in 0.1 v/v % 
trif luoroacetate at a flow rate of 0.9 ml/min and collecting a 



fraction containing a peptide fragment eluted about 77 min 
initiating the feeding. The fraction was dried in vacuo and 
dissolved in 0.1 v/v % trif luoroacetate containing 50 v/v % 
aqueous acetonitrile . Similarly as in Example 1-2, the 
peptide fragment was analyzed and revealed to have an amino 
acid sequence of SEQ ID NO: 2. 
Example 1-4 

Preparation of chromosome DNA 

[0047] One hundred ml aliquots of a liquid nutrient culture 
medium (pH 7.0), consisting of one w/v % poly-peptone, 0.5 w/v 
% yeast extract, 0.5 w/v % sodium chloride and water, were 
distributed to 500 ml flasks, sterilized by autoclaving at 
120°C for 20 min, cooled, inocluated with a seed of Bacillus 
sp. V230 (FERM BP-5054) strain, and cultured at 27 °C for 24 
hours under rotary shaking conditions. 

[0048] The proliferated cells were separated from the 

resultant cultured by centrif ugation, suspended in an adequate 
amount of TES buffer (pH 8.0), admixed with 0,05 w/v % 
lysozyme, incubated at 37°C for 30 min, frozen at -80°C for 
one hour, admixed with TES buffer (pH 9.0), further admixed 
with a mixture of TES buffer and phenol preheated to 60°C, 
cooled, and centrif uged to obtain a supernatant. Two-fold 
volumes of cooled ethanol was added to the supernatant, and 
the formed sediment containing a chromosome DNA was collected, 
dissolved in SSC buffer (pH 7.1), admixed with 7.5 y.g 
ribonuclease and 125 ]ig protease, and allowed to react at 37°C 
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for an hour. The reaction mixture was mixed with a mixture 
solution of chloroform and isoamyl alcohol to extract the 
chromosome DNA, and the extract was mixed with cooled ethanol, 
and allowed to stand to obtain sediment containing a purified 
chromosome DNA. The sediment was dissolved in SSC buffer (pH 
7.1) to give a concentration of one mg/ml, the freezed at 
-80°C. 
Example 1-5 

Preparation of transformant BBF4 

[004 91 One ml of solution of a purified chromosome DNA, 

obtained by the method in Example 1-4, was placed in a 
container, admixed with about 30 units of a restriction 
enzyme, Sau 3AI, incubated at 37°C for 20 min to partially 
hydrolyze the chromosome DNA, and subjected to sucrose 
gradient centrif ugation to obtain a DNA fragment consisting of 
about 2,000-5,000 base pairs (bp). While a plasmid vector, 
Bluescript II SK{+), was digested with a restriction enzyme, 
Bam HI, and 0.1 lag of the formed vector fragments and the DNA 
fragments obtained in the above were ligated using "DNA 
LIGATION KIT", a product of Takara Shuzo Co., Ltd., Otsu, 
Shiga, Japan. The obtained recombinant. DNA was mixed with 30 
111 of "EPICURIAN COLI® XLI-BLUE", a competent cell 
commercialized by Toyobo Co., Ltd., Tokyo, Japan, allowed to 
stand under ice-chilled conditions for 30 min, heated to 42 °C, 
admixed with SOC broth, incubated at 37 °C for an hour to 
introduce the recombinant DNA into Escherichia coli. 



[0050] The resultant transf ormant was inoculated onto an 
agar plate (pH 7.0) containing 50 \xg/ml of 5-bromo-4-chloro-3- 
indolyl-(3-galactoside, and cultured at 37 °C for 18 hours, 
followed by fixing about 2,000 colonies formed on the agar 
plate upon "HYBOND-H+", a nylon film commercialized by 
Amersham Corp., Qiv. , Amersham International, Arlington 
Heights, USA. Based on the amino acids sequence of Asp-tyr- 
Lys-Glu-Asp-Tyr-Gly-Phe-Ala located at amino acids 5-13 in SEQ 
ID NO: 3, an oligonucleotide with a nucleotide sequence of 5'- 
GAYTAYAARGARGAYTAYGGNTT YGC- 3 1 was chemically synthesized and 
labelled with 32 P. The resultant as a probe was hybridized 
with the colonies of transf ormants fixed on the nylon film, 
followed by selecting a transformant which showed a strong 
hybridization and named "BBF4". 

[0051] The transformant BBF4 was inoculated into L-broth 

(pH 7.0) containing 100 ug/ml ampicillin and cultured at 37 °C 
for 2 4 hours under rotary shaking conditions. The 
proliferated cells were collected by centrif ugation from the 
culture, treated with conventional alkali treatment to extract 
extracellularly the recombinant DNA which was then purified 
and analyzed in a conventional manner, revealing that the 
recombinant DNA, contained in the transformant BBF4 or 
xx pBBF4", consisted of about 6,300 bp and had the restriction 
sites as shown in FIG. 1. As is evident from FIG. 1, in the 
recombinant pBBF4, the DNA consisting of 1,365 bp which 
encodes the present polypeptide is linked to the downstream of 



a restriction site by a restriction enzyme, Eco RV. 
Example 1-6 

Decoding of nucleotide sequence 

[0052] One ug of the recombinant DNA pBBF4 in Example 1-5 
was weighed in a container, mixed with 0.02 \ig of a sequencing 
primer and 9.5 ug of a premix solution used in "ABI PRISM 01 
READY REACTION TERMINATOR CYCLE SEQUENCING KIT" commercialized 
by Applied Biosystems, Inc., Foster City, USA, and volumed up 
to give a total volume of 20 ]il by the addition of an adequate 
amount of water. An adequate amount of mineral oil was 
overlaid on the mixture, and the resultant mixture was 
incubated at 96°C for 30 sec, 50°C for 15 sec, and 60°C for 4 
min using "MODEL PJ200" commercialized by Perkin-Elmer Corp., 
Norwalk, USA, and the above serial incubations was repeated 25 
times to obtain a reaction product containing a complementary 
DNA (cDNA) . Thereafter, the reaction product was mixed with 
2.5 jal of 0.5 M aqueous salt solution containing 5 w/v % 
cetyltrimethyl-ammonium bromide for sedimentation, and the 
sediment was purified by conventional ethanol method and dried 
in vacuo. The powdery product thus obtained was dissolved by 
admixing with one yl of 50 mM EDTA and 5 \xl formamide, and the 
solution was incubated at 90°C for 2 min and instantly cooled. 
[0053] The resulting product was weighed in an appropriate 
amount, placed on 6 w/v polyacrylamide gel set to "MODEL 373", 
a DNA sequencing system commercialized by Applied Biosystems, 
Inc., Foster City, USA, electrophoresed for separation and 
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analyzed, revealing that the cDNA contained the nucleotide 
sequence of SEQ ID NO: 5. An amino acid sequence estimable 
from the nucleotide sequence was SEQ ID NO: 3. Comparison of 
the amino acid sequence with the partial amino acid sequences 
of SEQ ID Nos: 1 and 2 revealed that SEQ ID NO: 2 and SEQ ID 
NO:l coincided with the amino acids 1-21 and those 201-212 of 
SEQ ID NO: 3, respectively. These date indicate that the 
present polypeptide contains the amino acid sequence of SEQ ID 
NO: 3, and a polypeptide from Bacillus sp. V230 strain has the 
amino acid sequence of SEQ ID NO: 4, more particularly,- it is 
encoded by the DNA in SEQ ID NO: 5. It can be estimated that 
the nucleotide sequence of bases 361-456 in SEQ ID NO: 5 is a 
common signal peptide region, found in secretory enzymes in 
general. 



L. Example 2 



Preparation of polypeptide by transformant and phvsicochemical 
properties thereof 
Example 2-1 

Preparation of polypeptide by transformant 

[0054] Into 500 ml flasks were distributed 100 ml aliquots 

of a liquid nutrient culture medium consisting of 1.0 w/v % 
sucrose, 0.5 w/v % polypeptone, 0.1 w/v % yeast extract, 0.1 
w/v % dipotassim hydrogenphospha'te, 0.06 w/v % sodium 
dihydrogenphosphate, dihydrate, 0.05 w/v % magnesium sulfate, 
heptahydrate, 0.3 w/v % calcium carbonate, and water. The 
flasks were autoclaved at 120°C for 15 min for sterilization, 
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cooled, adjusted to pH 7.0 and mixed with 50 ug/ml ampicillin, 
followed by inoculating thereunto the transformant BBF4 in 
Example 1-5 and incubating the mixture at 37 °C for 20 hours 
under rotary conditions to obtain a seed culture. 
[0055] About 7 L of a fresh preparation of the same liquid 
nutrient culture medium was placed in a 10 L jar fermenter, 
sterilized similarly as above, cooled to 37 °C, the pH 
adjusted, admixed with ampicillin, inoculated with one v/v % 
of the seed culture, and cultured for 20 hours under areation- 
agitation conditions. The resulting culture was treated with 

*ss£ 

W ultrasonics to disrupt the proliferated cells and centrifuged 

W to remove impurities, and the supernatant was mixed with 

G] ammonium sulfate to give a saturation degree of 70 w/v %, 
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allowed to stand at 4°C for 24 hours, and centrifuged to 
collect sediment. The sediment was dissolved in 10 mM 
phosphate buffer at 4°C for 24 hours. The dialyzed inner 
solution was assayed for [i-fructofuranosidase activity, 
revealing that it produced about 8 units polypeptide per L of 
the culture.- Purification of the resulting crude polypeptide 
by the method in Example 1-1 yielded an about 8 mg polypeptide 
with a specific activity of 205 units/mg protein per L of the 
culture . 

[0056] As a control, an Escherichia coli XLI-Blue strain or 
a Bacillus sp. V230 strain was similarly cultured in a fresh 
preparation of the same liquid nutrient culture medium free of 
ampicillin and treated except that the culturing temperature 
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for the Bacillus sp. V230 strain was set to 30°C. Assay for 
activity of the resulting supernatant revealed that the 
Bacillus sp. V230 strain produced an about 3.6 units (5- 
f ructof uranosidase, the level of which was significantly lower 
than that of the transformant BBF4 . When Escherichia coli 
XLI-Blue strains was used as the host produced no |3- 
f ructof uranosidase . 
Example 2-2 

Physicochemical properties of polypeptide 

Example 2-2 (a) 

Action 

[0057] An aqueous solution, containing as a substrate 
sucrose, raffinose, erlose, stachyose, lactosucrose, 
xylosylf ructoside, maltose, cellobiose, lactose, inulin or 
levan in a concentration of 2 w/v %, was mixed with 2 units/g 
substrate, d.s.b., of a polypeptide obtained by the method in 
Example 2-1 and reacted at 40°C and pH 5.5 for 24 hours. 

[0058] An adequate amount of each reaction mixture was 
spotted on "KIESELGEL 60", an aluminum plate for thin layer 
chromatography (TLC) commercialized by Merck & Co., Inc., 
Rahway, USA, developed at ambient temperature using a 
developing solvent system of 1-butanol, pyridine and water 

(=7:3:1 by volume), and dried. When the reaction mixture 
contained fructose, the plate was colored by spraying 0.5 N 
phosphate solution containing 0.2 w/v % naphthoresorcinol, and 
heated at 110°C for 5 min, while the plate was colored by 



spraying a mixture solution of 20 w/v % sulfuric acid in 
methanol and heated at 110°C for 10 min. As a result, it was 
revealed that the polypeptide used in this experiment acted on 
sucrose, raffinose, erlose, stachyose, lactosucrose and 
xylosylf ructoside to release fructose while exerting a |3- 
f ructof uranosidase activity, but did not substantially act on 
maltose, cellobiose, lactose, inulin and levan. 
[0059] Using as f ructof uranosyl acceptors the 
monosaccharides, oligosaccharides and alcohols in Table 1, the 
specificity of the present polypeptide for f ructof uranosyl 
transfer was studied: Any one of the f ructof uranosyl acceptors 
in Table 1 and sucrose as a f ructof uranosyl donor were mixed 
in an equal amount by weight, and the mixture was dissolved in 
water into a 10 w/v % aqueous solution which was then mixed 
with 2 units/g sucrose, d.s.b., of a polypeptide obtained by 
the method in Example 2-1, and reacted at 40 °C and pH 5.5 for 
24 hours. Thereafter, the reaction mixture was separated by 
TCL similarly as above, and the plate was colored by spraying 
0.5 N phosphate solution containing 0.2 w/v % 

naphthoresorcinol, and the plate was heated at 110 °C for 5 min 
to color and detect f ructof uranosyl-transf erred products. The 
results are shown in Table 1. 



Table 1 
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Fructof uranosyl 
acceptor 


Formation of fructof uranosyl- 
transferred product 


D-Xylose 


+ + 


D-Galactose 


+ + 


D-Mannose 


+ 


D-Fructose 


+ 


L-Sorbose 


+ 


L-Arabinose 




L-Rhamnose 


+ 


Maltose 




Isomaltose 


+ + 


Koj ibiose 


+ 


Trehalose 


+ + 


Neotrehalose 


+ 


Cellobiose 


+ + 


Maltotriose 


+ + 


Panose 


+ + . 


Lactose 


+ + 


Turanose 


+ 


Palatinose 


+ 


Melibiose 


+ + 


Raf f inose 


-t- 


D-Xylitol 


+ + 


D-Sorbitol 


+ + 


Maltitol 


+ + 


Glycerol 


+ + 


Methanol 


+ 


Ehtanol 


+ 


Ethylene glycol 


+ + 


1-Butanol 




2-Butanol 




1-Propanol 




2-Propanol 





Note: Standards for judgement 

Compared with a reaction mixture of sucrose, means unchanged; " + " , the 

size and color of a spot for fructof uranosyl acceptor reduced slightly, and 
spot for fructof uransyl-transf erred product was slightly detected; "++", 
the size and color of a spot for fructof uranosyl acceptor more- reduced and 
a spot for fructof uransyl transferred product was clearly observed. 
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[0060] As is evident from the results in Table 1, the 
present polypeptide catalyzes the transfer of f ructof uranosyl 
residue from sucrose as a f ructof uranosyl donor to D-xylose, 
D-galactose, maltose, isomaltose, cellobiose, maltotriose, 
panose, lactose, melibiose and trehalose as f ructof uranosyl 
acceptors so as to form f ructof uranosyl-transf erred products 
corresponding to the f ructof uranosyl acceptors. In addition 
to the above saccharides, the present polypeptide acts on 
sugar alcohols such as D-xylitol, D-sorbitol and maltitol, and 
alcohols such as glycerol and ethylene glycol to form their 

fn; 

E? corresponding f ructof uransyl-transf erred products. 

0i 

fe; Example 2-2 (b) 

CO 

Molecular weight 

53 

L-JL 

[\ [0061] The polypeptide in Example 2-1 was subjected to 

electrophoresis using 10 w/v % SDS-polyacrylamide gel, and the 
molecular weight was determined by comparing the mobility of 
the polypeptide with those of molecular marker proteins 
electrophoresed simultaneously, revealing that it was 44,000- 
54,000 daltons. The molecular marker proteins were rabbit 
muscular phosphorylase B (MW 97,400 daltons), calf serum 
albumin (MW 66,200 daltons), ovalbumin (MW 45,000 daltons), 
calf carbonic anhydrase (MW 31,000 daltons), soybean trypsin 
inhibitory (MW 21,5000 daltons), and egg albumin (MW 14,400 
daltons) . 
Example 2-2 (c) 
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Optimum pH 

[0062] The polypeptide in Example 2-1 was in a conventional 
manner incubated at 40 °C for 10 min in 20 mM buffers with 
different pHs, revealing that it showed an optimum pH of about 
5.5-6.0 as shown in FIG. 2. 
Example 2-2 (d) 
Optimum temperature 

[0063] The polypeptide in Example 2-1 was in a conventional 
manner incubated for 10 min in 20 mM acetate buffer (pH 6.0), 
revealing that it showed an optimum temperature of about 50 °C 



yQ and 45°C in the presence of or in the absence of 5 mM calcium 

58 ion as shown in FIG. 3. 

m 

Example 2-2 (e) 

03 

^ pH Stability 



[0064] The polypeptide in Example 2-1 was in a conventional 
manner incubated at 4°C for 24 hours in 100 mM buffers with 
different pHs, revealing that it was stable at pHs from about 
5.0 to about 8.0 as shown in FIG. 4. 
Example 2-2 (f ) 
Thermal stability 

[0065] The polypeptide in Example 2-1 was in a conventional 
manner incubated for 60 min in 50 mM acetate buffer (pH 6.0), 
revealing that it was stable up to a temperature of about 45°C 
as shown in FIG. 5. 
Example 3 

Preparation of polypeptide by transformant 

28 



Example 3-1 

Preparation of transf ormant BBS 

[0066] The recombinant DNA pBBF4 in Example 1-5 was cleaved 

with a restriction enzyme, Pst I, and the cleaved sites were 
blunted using "DNA BLUNTING KIT" commercialized by Takara 
Shuzo Co., Ltd., Otsu, Shiga, Japan, and subjected to agarose 
gel electrophoresis in a conventional manner to obtain a DNA 
fragment of about 2,800 bp which contained a nucleotide 
sequence encoding the polypeptide. The DNA fragment was 
ligated with "pHY300PLK", a plasmid vector commercialized by 
Toyobo Co., Ltd., Tokyo, Japan, using "DNA LIGATION KIT" 
commercialized by Takara Shuzo Co., Ltd., Otsu, Shiga, Japan. 
The resulting recombinant DNA was added to a Bacillus subtilis 
ISW1214 strain, which had been prepared into a protoplast 
according to the method reported by P. Schaeffer et al. in 
"Proceedings of the National Academy of Sciences of the United 
States of America" , Vol. 73, No. 6, pp. 2,151-2,155 (1976), 
and the strain was transformed according to the method 
reported by J. Sekiguchi in "Agricultural and Biological 
Chemistry", Vol. 46, pp. 1,617-1,621 (1982). The transformant 
thus obtained was named "BBF5". 

[0067] The transformant BBF5 was inoculated into L-broth 

(pH 7.0) containing 10 p.g/ml tetracycline and incubated at 
30 °C for 24 hours under rotary shaking conditions. Similarly 
as in Example 1-4., a desired recombinant DNA extracted, 
purified and analyzed, revealing that the recombinant DNA, 



which contained in the transformant BBF5, consisted of about 
7,700 bp and had the restriction sites as shown in FIG. 6. 
Example 3-2 

Production of polypeptide by transformant 

[0068] One hundred ml aliquots of a liquid nutrient culture 
medium, consisting of 5.0 w/v % sucrose, 1.0 w/v % 
polypeptone, 0.1 w/v % yeast extract, 0.1 w/v % dipotassium 
hydrogenphosphate, 0.06 w/v % sodium dihydrogenphosphate, 
dihydrate, 0.05 w/v % magnesium sulfate, heptahydrate, 0.3 w/v 
% calcium carbonate, and water, were distributed to 500 ml 
flasks which were then sterilized by autoclaving at 120°C for 
15 min, cooled, adjusted to pH 7.0, and admixed with 10 yg/ml 
tetracycline. Into each flask containing the liquid nutrient 
culture medium was inoculated the transformant BBF5 in Example 
3-1 and incubated at 30°C for 24 hours under rotary shaking 
conditions to obtain a seed culture. 

[0069] About 19 L of a fresh preparation of the same liquid 
nutrient culture medium as used in the above was placed in a 
30 L fermenter, sterilized similarly as above, cooled to 30°C, 
the pH adjusted, admixed with tetracycline, inoculated with 
one v/v % of the seed culture, and cultured for 24 hours under 
aeration-agitation conditions. Most of the polypeptide 
produced by the transformant BBF5 was found in the culture 
supernatant with a 3-f ructof uranosidase activity of 45 
units/ml. The culture supernatant was filtered using an MF 
membrane and concentrated with a UF membrane to obtain an 820 



ml aqueous solution containing about 800 units/ml of the 
present polypeptide . 

[0070] Similarly as in Example 1-1, the polypeptide was 
purified and studied on the physicochemical properties using 
the method in Example 2-2, revealing that it had the same 
physicochemical properties as that of Example 2-1. 
Example 4 

Fructof uranosvl transfer to lactose 

[0071] An aqueous solution, containing 20 w/w % sucrose as 
a fructof uranosyl donor and lactose as a fructof uranosvl 
yQ acceptor, was adjusted to pH 5.5, admixed with one unit/g 
CO sucrose, d.s.b., of a crude polypeptide obtained by the method 

m 

CH in Example 2-1, and reacted at 55°C for 16 hours. The 

5 

ru reaction mixture was heated at 90 °C for 30 min to inactivate 
^ the polypeptide, cooled, and in a conventional manner, 
CjJ decolored with an activated charcoal, filtered, desalted and 

O purified using ion exchangers, and concentrated to obtain a 75 
w/w % syrupy product in a yield of 95% to the material, d.s.b. 
[0072] The product, containing 37% lactosucrose, d.s.b., 
has a satisfactory taste and sweetness, and an adequate 
humectancy, and can be arbitrarily used in food products, 
cosmetics and pharmaceuticals as a sweetener, taste-improving 
agent, stabilizer, growth-promoting agent for bifid bacteria, 
and mineral absorption-promoting agent. 
Example 5 

Fructof uranosvl transfer to lactose 
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[0073] An aqueous solution, containing 22 w/w % sucrose as 
a f ructof uranosyl donor and 18 w/w % lactose as a 
f ructof uranosyl acceptor, was adjusted to pH 6.0, admixed with 
one unit/g sucrose, d.s.b., of a crude polypeptide obtained by 
the method in Example 3-1 and 5 w/w % by wet weight of 
invertase defective yeasts, and enzymatically reacted at 35°C 
for 20 hours while keeping the pH in the range of 6-7 by the 
addition of IN sodium hydroxide solution. The reaction 
mixture was heated at 90 °C for 30 min to inactivate the 
polypeptide, cooled, and in a conventional manner, decolored 
with an activated charcoal, desalted and purified using ion 
exchangers, concentrated, dried in vacuo, and pulverized to 
obtain a powdery product in a yield of 70% to the material, 
d.s.b. 

[0074] The product, containing 65% lactosucrose, d.s.b., 
has a satisfactory taste and sweetness, and an adequate 
humetancy, and can be arbitrarily used in food products, 
cosmetics and pharmaceuticals as a sweetener, taste-improving 
agent, stabilizer, growth-promoting agent for bifid bacteria, 
and mineral absorption-promoting agent. 
Example 6 

Fructof uranosyl transfer to maltose 

[0075] An aqueous solution, containing sucrose as a 
fructof uranosyl donor and 20 w/w % maltose as a 

fructof uranosyl acceptor, was adjusted to pH 5.5, admixed with 
one unit/g sucrose, d.s.b., of a crude polypeptide obtained by 
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the method in Example 2-1, and enzymatically reacted at 50°C 
for 24 hours. The reaction mixture was heated at 90 °C for 30 
min to inactivate the polypeptide, cooled, and in a 
conventional manner, decolored with an activated charcoal, 
desalted and purified using ion exchangers, concentrated, 
dried in vacuo, and pulverized to obtain a 75 w/w % syrupy 
product in a yield of 95% to the material, d.s.b. The syrupy 
product contained about 28% erlose, d.s.b. 

[0076] The syrupy product was concentrated up to give a 

concentration of 4 5 w/w % and subjected to column 
•J3 chromatography using "DOWEX SOW X4 (Ca-form)", an alkaline 

pi metal strong-acid cation exchanger commercialized by Dow 

m 

5P Chemical Co., Midland, Michigan, USA, to increase the erlose 

fy cotent: The exchanger was injected into 4 jacketed stainless- 

M= steel columns, having an inner diameter of 5.4 cm, and the 

P columns were cascaded in series to give a total gel-bed depth 

□ of 20 m, fed with 5 v/v % of the syrupy product to the 

exchanger while keeping the inner column temperature at 40 °C, 
and fed with water heated to 40°*C at an SV (space "velocity) 
0.2 to effect fractionation. Thereafter, high-erlose content 
fractions were collected, and in a conventional manner, 
purified, concentrated, dried in vacuo, and pulverized to 
obtain a powdery product containing 84% erlose, d.s.b, in a 
yield of 25% to the material, d.s.b. 

[0077] The product has a satisfactory taste and sweetness, 

and an adequate humectancy, and can be arbitrarily used in 
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food products, cosmetics and pharmaceuticals as a sweetener, 
taste-improving agent, stabilizer, growth-promoting agent for 
bifid bacteria, and mineral absorption-promoting agent. 
Because the product has a relatively-low reducibility, 
satisfactory taste and sweetness, adequate humectancy, and 
relatively-low cariogenicity, it can be arbitrarily used in 
food products, cosmetics and pharmaceuticals as a sweetener, 
taste-improving agent, stabilizer, growth-promoting agent for 
bifid bacteria, and mineral absorption-promoting agent. 
Example 7 

Fructof uranosvl transfer to xylose 

[0078] An aqueous solution, containing 30 w/w % sucrose as 
a fructof uranosyl donor and 15 w/w % xylose as a 
fructof uranosyl acceptor, was adjusted to pH 5.5, admixed with 
0.5 unit/g sucrose, d.s.b., of a crude polypeptide obtained by 
the method in Example 1-2, and enzymatically reacted at 50 °C 
for 40 hours. The reaction mixture was heated at 90°C for 30 
min to inactivate the polypeptide, cooled, and in a 
conventional manner, decolored with an activated charcoal, 
desalted and purified using ion exchangers, and concentrated 
to obtain a 75 w/w % syrupy product in a yield of 95% to the 
material, d.s.b. 

[0079] Since the product contains 35% xylosylf ructoside, 
d.s.b., and has a satisfactory taste and sweetness, adequate 
humectancy, and relatively-low cariogenicity, it can be 
arbitrarily used in food products, cosmetics and 



pharmaceuticals as a sweetener, taste-improving agent, 
stabilizer, growth-promoting agent for bifid bacteria, and 
mineral absorption-promoting agent - 
Example 8 

Fructof uranosyl transfer to xylose 

[0080] An aqueous solution, containing 30 w/w % sucrose as 
a fructof uranoxyl donor and 15 w/w % xylose as a 
fructof uranosyl acceptor, was adjusted to pH 6.0, admixed with 
0.5 unit/g sucrose, d.s.b., of a crude polypeptide obtained by 
the method in Example 3-1, and enzymatically reacted at 50 °C 
for 40 hours. The reaction mixture was heated at over 100°C 
while keeping the pH to 10 or higher by the addition of sodium 
hydroxide, cooled, and in a conventional manner, decolored 
with activated charcoal, desalted and purified using ion 
exchangers, and concentrated to obtain a 75 w/w % syrupy 
product in a yield of 55% to the material, d.s.b. 

[0081] Since the product contains 60% xylosylf ructoside, 
d.s.b., and has a satisfactory taste and sweetness, adequate 
humectancy, and relatively-low cariogenicity , it can be 
arbitrarily used in food products, cosmetics and 
pharmaceuticals as a sweetener, taste-improving agent, 
stabilizer, growth-promoting agent for bifid bacteria, and 
mineral absorption-promoting agent . 
Example 9 

Fructof uranosyl transfer to trehalose 
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[0082] An aqueous solution, containing 14 w/w % raffinose 
as a f ructof uranosyl donor and 10 w/w % trehalose as a 
f ructofuranosyl acceptor, was adjusted to pH 5.5, admixed with 
0.4 unit/g sucrose, d.s.b., of a crude polypeptide obtained by 
the method in Example 2-1, and enzymatically reacted at 50°C 
for 40 hours. The reaction mixture was heated at 90°C for 30 
min to inactivate the polypeptide, cooled, and in a 
conventional manner, decolored with an activated charcoal, 
desalted and purified using ion exchangers, concentrated, 
dried in vacuo, and pulverized to obtain a powdery product in 
a yield of 95% to the material, d.s.b. 

[0083] The product, containing 20% f ructof uranosyl 
trehalose, d.s.b., has a satisfactory taste and sweetness and 
an adequate humectancy, and can be arbitrarily used in food, 
products, cosmetics and pharmaceuticals as a sweetener, taste- 
improving agent, stabilizer, growth-promoting agent for bifid 
bacteria, and mineral absorption-promoting agent. 

[0084] As described above, the present invention provides a 
polypeptide with (3-f ructof uranosidase activity, which can be 
easily and industrially produced by applying the recombinant 
DNA technology. The present polypeptide is one with a 
revealed amino acid sequence in whole or in part and can be 
arbitrarily used in the production of f ructof uranosyl- 
transferred products directed to use in food products, 
cosmetics and pharmaceuticals. The polypeptide with such 



useful properties can be easily produced in a desired amount 
by the present method using transf ormants . 

[0085] Therefore, the present invention with these useful 
and satisfactory effects and activities is a significant 
invention that greatly contributes to the field. 



